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ABSTRACT: Sulfilimines, the aza-analogues of sulfoxides, are of increasing interests in medicinal and agrochemical research 
programs. However, the development of efficient routes for their synthesis remains relatively unexplored. In this study, we 
report a transition metal-free, selective S-arylation reaction between sulfenamides and arynes, enabling the facile preparation 
of structurally diverse sulfilimines under mild and redox-neutral condition in good yields. The application value of our method 
was further demonstrated by scale-up synthesis, downstream derivatization, and robustness screen. 

Sulfilimines, the aza-analogues of sulfoxides, have gained 
significant attention from the synthetic community.1 As a 
unique class of tetravalent sulfur(IV) compounds, they find 
widespread applications as ligands for catalysis, nitrene/N-
radical reservoirs, drug/agrochemical candidates, and bio-
conjugation toolkits (Scheme 1A).2 For instance, the 
groundbreaking work of Hudson and colleagues demon-
strated that the sulfilimine motif can be employed to cova-
lently cross-link hydroxylysine-211 and methionine-93 in 
collagen IV, which marked the first identification of sul-
filimine motif in biomolecules.3 More importantly, sul-
filimines can be easily transformed to sulfoximines and sul-
fondiimines, which have emerged as important bioisosteres 
for drug and agrochemical discovery.4 The resulting antici-
pation of increased sophistication in the recognition and de-
sign of such functional mimetics has stimulated efforts on 
developing the synthesis and incorporation of sulfilimines 
and their derivatives, which shall provide enhanced cover-
age of both chemical and intellectual property space.5 

Nonetheless, the synthetic accessibility of sulfilimines, 
compared to their S-O counterparts, has been relatively lim-
ited, impeding their application in multiple research fields. 
The state-of-the-art methods predominantly relied on the 
direct imidation of thioethers using different imidating rea-
gents, which suffered from the use of hazardous rea-
gents/transition metals, limited substrate scope, and cum-
bersome operation (Scheme 1B).6 New disconnection strat-
egy for preparing such compelling targets has also wit-

nessed rapid progress.7 For instance, Ellman and co-work-
ers detailed a Rh-catalyzed asymmetric S-alkylation reac-
tion of N-acyl sulfenamides with diazo compounds.8 In 
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spired by this pioneering strategy involving C-S bond for-
mation, the Jia/Kozlowski and Ellman group independently 
accomplished the Chan-Lam coupling reaction of sulfena-
mides with arylboronic acids, both of which demonstrated 
the crucial role of the N-carbonyl groups to modulate the 
chemoselectivity through chelation.9 More recently, the di-
rect electrophilic alkylation/arylation of sulfenamides was 
also disclosed.10 Although these significant advancements 
have shown certain synthetic appeal, the development of 
new complementary synthetic strategies for sulfilimines re-
mains an urgent task in order to meet their growing utility 
while overcoming the aforementioned synthetic limitations.  

Aryne chemistry has garnered significant attention in re-
cent years as a means to rapidly expand chemical space and 
even facilitate the synthesis of medicinally relevant com-
pounds.11 Thanks to the discovery of silyl triflate type pre-
cursor, the aryne chemistry has witnessed the renaissance, 
leading to the development of numerous novel transfor-
mations.12 These unique synthetic methods often feature 
mild conditions, avoidance of transition metals and opera-
tional simplicity, thereby allowing the build of molecular 
complexity in high efficacy. Given our long-standing inter-
ests in the combination of aryne species with organosulfur 
compounds, we naturally questioned whether the polariza-
ble aryne species with low-lying LUMO could exhibit suffi-
cient "soft" electrophilic character to pair the reactivity with 
the "soft" sulfur center, thus empowering the chemoselec-
tive S-arylation.13 Although the tentative pathway was pro-
posed on basis of insight gained from our previous thioimi-
date project, we still anticipated several associated chal-
lenges within it.13a For instance, the N-S bond might be vul-
nerable for breaking (homolysis), while Biju et al previously 
disclosed the insertion reactivity of N-S bond with aryne 
(heterolysis).14 Thus, another critical task would be the 
identification and manipulation of the N-protection group 
to achieve the selectivity control. Despite these challenges, 
we are excited to present our recent research efforts on de-
veloping a mild and redox-neutral S-arylation reaction be-
tween sulfenamides and arynes (Scheme 1C). This transi-
tion metal-free protocol offers complete site-selectivity 
control, allowing for the rapid access to a broad range of sul-
filimine and en route to medicinally relavatnt S(IV) motifs. 

The reaction discovery and optimization commenced by 
identifying a suitable aryne induced condition by employing 
N-(p-tolylthio)benzamide (1a) and o-(trimethylsilyl)phenyl 
triflates (2a) as the model substrates. To our delight, the 
quick screening of a range of fluoride-based initiation con-
ditions demonstrated that TBAF in THF gave the optimal 
yield of 3a (Table 1, entry 4 vs. entries 1-5). More im-
portantly, the inspired choice of benzoyl group effectively 
modulated the reactivity of sulfenamides with complete 
control on S-arylation. Both lowering or raising the reaction 
temperature resulted in a decrease in the reaction yield (en-
tries 6-7). Reducing the amount of TBAF to 1.5 equivalent, 
the product could still be formed in 94% yield (entry 8). Fi-
nally, varying the concentration or the reagent ratio also af-
forded the desired product with comparable yields (entries 
9-10). 

Table 1. Reaction Condition Optimizationa 

 
 

 

Entry “F-” source Solvent Temp. 
(oC) 

Yieldb 

(%)  
1 KF/18-C-6 THF 30 93 
2 CsF  ACN 30 73 
3 Cs2CO3/18-C-6 THF 30 81 
4 TBAF  THF 30 96(94c) 
5 TBAT THF 30 95 
6 TBAF  THF 0 63 
7 TBAF THF 40 92 
8d TBAF  THF 30 94 
9 TBAF THFe 30 95 

10f TBAF THF 30 89 
a1a (0.2 mmol), 2a (0.3 mmol), “F-“source (0.5 mmol), solvent 
(1.5 ml), N2. bDetermined by 1H-NMR using CH2Br2 as the in-
ternal standard. cIsolated yield. dTBAF (0.3 mmol). eTHF (1.0 
ml). f1a:2a = 1:1 
With optimal reaction conditions in hands, we next eval-

uated the scope of sulfenamides. As depicted in Scheme 2, 
the reactions of versatile N-aroyl sulfenamides all pro-
ceeded smoothly to deliver the target products (3a-3l) in 
moderate to good yields, regardless of their functional 
groups as well as substitution patterns. Indeed, the bromo-
substitution could serve as the latent synthetic handle for 
further elaborations.15 Additionally, investigations on vary-
ing the S-aryl and S-alkyl structural units of sulfenamides 
were explored, and the arylated products (3k-3r) were 
readily accessed in moderate to good yields. Next, we as-
sessed the applicability of current method with respect to 
the substitution group on the nitrogen atom, and found that 
polyaromatic, cinnamyl, heteroaromatic and aliphatic 
groups all proved to be viable. To our delight, Boc-, Cbz- and 
Ts-protected sulfenamide were amenable to give 3x, 3y and 
3z in 90%, 92% and 82% yield, respectively. Noteworthy, 
the proline-derived substrate with enolizable α-proton also 
underwent the arylation smoothly to afford 3aa in 50% 
yield with 2:1 d.r.  

The generality of our protocol for substituted Kobayashi 
precursors were then explored (Scheme 2, part B). A series 
of symmetrical arynes all undertook the title reaction 
smoothly, leading to 4a-4e in moderate-to-good yields. In 
accordance with the distortion/interaction model,16 the em-
ployment of 3-methoxy-substituted benzyne delivered a 
single regioisomer 4f in 58% yield. For other unsymmet-
rical arynes, the desired products (4g-4i) were also suc-
cessfully obtained in good overall yields albeit with less-sat-
isfying regioselectivities, which was consistent with the 
weak-biasing effects disclosed in earlier reports.17 Moreo-
ver, silyl aryl triflate derived from the estrone was readily 
converted to 4j+4j’ in 93% yield, showcasing relevance of  

TMS

OTf

N
H

O
S

Fluoride source,
Solv., Temp.

N

O
S

+

1a 2a 3a

https://doi.org/10.26434/chemrxiv-2023-vc3tz ORCID: https://orcid.org/0000-0003-3825-9344 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-vc3tz
https://orcid.org/0000-0003-3825-9344
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

Scheme 2. Substrate Scopea 
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a Reaction conditions: 1 (0.2 mmol), 2 (0.3 mmol), TBAF (0.5 mmol), THF (1.5 ml), N2, 12 hours.
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the methodology to incorporate the sulfilimine to biologi-
cally active compounds. Further investigation to gain in-
sights into the reactivity of other type of aryne precursors 
were performed. When 1a was reacted with aryne that was 
thermally generated by hexadehydro-Diels-Alder (HDDA) 
reaction, the arylation products (4k+4k’) were obtained in 
a combined 86% yield under base-free conditions, which  
should offer additional synthetic flexibility of our protocol 
(For details on other aryne precursors, please see the ESI). 
Scheme 3. Synthetic Applications. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
To demonstrate the synthetic utility, the scale-up reac-

tion was conducted under standard conditions, affording 3i 
in same level of isolated yields (Scheme 3, part A). Next, we 
sought to present the downstream derivatization of sul-
filimines products (part B). The exemplificative arylation 
product 3i underwent the Pd-catalyzed Suzuki-Miyaura 
cross-coupling reaction with p-tolylboronic acid success-
fully to afford the biaryl product 5 in a 71% isolated yield. 
We also managed to convert 3i to sulfoximine 6 in 91% 
yield in the presence of RuCl3 and NaIO4. Treatment of 6 
with sodium hydroxide furnished the NH‐sulfoximine 7 in a 
98% isolated yield. The hydrolysis of 3i with sulfuric acid 

furnished the NH-diphenyl sulfilimine 8 in 75% yield, which 
could further underwent insertion reaction with arynes to 
afford ortho N,S-difunctionalization product in 65% yield. 
Finally, an additive-based robustness screen was per-
formed in the presence of excess amounts of additives un-
der otherwise identical conditions. In all cases, 3a was ob-
tained in similar level of yields and with the additives 
mostly recovered, further suggesting that our protocol be 
potentially well-suited for highly functionalized “real-world” 
substrates in pharmaceutical or agrochemical research pro-
jects. 
Scheme 4 Reaction Mechanism 

 

 

 

 

 

 

 

 

The control experiment using heavy water suggested no 
incorporation of deuterium to the substrate in the presence 
of TBAF in THF, which might provide evidence to support 
the direct S-arylation pathway. On basis of the finding along 
with literature precedence,11-13 a tentative mechanism was 
proposed, as shown in Scheme 4. Firstly, the nucleophilic 
addition of N-(phenylthio)benzamide to in-situ formed ar-
yne species led to the key sulfonium zwitterion intermedi-
ates A.18 Next, the rapid proton transfer yielded the final sul-
filimine product.  

In summary, we have herein successfully developed a fac-
ile synthesis of sulfilimines through the chemoselective sul-
fur arylation of sulfenamides using readily available aryne 
species. This operational simple protocol demonstrates 
good yields and high compatibility with a wide range of 
functional groups under mild and transition metal-free con-
ditions. The key to our success lies in the strategic use of N-
acyl substitution to modulate the reactivity of sulfenamides. 
The synthetic utility of this method was further demon-
strated through the scale-up experiment, downstream deri-
vatizations toward versatile sulfur-containing building 
blocks, and additive-based robustness screen. It’s our hope 
that this method will provide a powerful alternative for the 
synthesis of sulfenamides and accelerate the discovery of 
new bioactive sulfur(IV) motifs.  
 
ASSOCIATED CONTENT  
Supporting Information 

Nucleophilic
Addition

Proton 
Transfer

B)  Proposed Mechanism

N
H

O
S

N

O
S

+

A

S
N

H

O

A) Deuterium-Labeling Experiment

N
H

O
S

1a

THF, 30oC
TBAF+ D2O

1a-D

N

O
S

DB) Derivatization

A) Scale-up Experiment

TMS

OTf
N
H

O
S

N

O
S

2a1i (2 mmol)

THF, 30oC
TBAF

C) Robustness Screen

3a

TMS

OTf

N
H

O
S

N

O
S

+

1a 2a
THF, 30oC

+

3i, 94% yield

S
N

O

RuCl3, 
NaIO4

H2O/MeCN     0ºC

S
N

O O

Pd(OAc)2, XPhos
1,4-dioxane, 50oC

B(OH)2 S
N

O

3i 5, 71%

6, 91%

MeOH, 60°C
NaOH S

NHO

TBAF
Additive

(1.2 equiv.)

Ar Ar = 4-MePh

Br

Br

7, 98%

Additives:

OH

COOH

96% recovery
3a, 91% yield

94% recovery
3a, 87% yield

87% recovery
3a, 84% yield

F

B(OH)2
B B

O

OO

O

99% recovery
3a, 97% yield

NH2

O
S

S

H
N

99% recovery
3a, 96% yield

97% recovery
3a, 97% yield

98% recovery
3a, 96% yield

Br
Br

S
NH

H2SO4, 30oC
S

N
H

8, 75% yield

TMS

OTf
KF/18-Crown-6

THF, 60oC

2a

9, 65% yield

https://doi.org/10.26434/chemrxiv-2023-vc3tz ORCID: https://orcid.org/0000-0003-3825-9344 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-vc3tz
https://orcid.org/0000-0003-3825-9344
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

The Supporting Information is available free of charge on the 
ACS Publications website. 
Experimental procedures, spectroscopic data (PDF) 

AUTHOR INFORMATION 

Corresponding Author 
Jiajing Tan - College of Chemistry, Beijing University of Chemical 
Technology (BUCT), Beijing 100029, China; orcid.org/0000-
0003-3825-9344; Email: tanjj @mail.buct.edu.cn. 
Hiroto Yoshida - Graduate School of Advanced Science and En-
gineering, Hiroshima University, Higashi-Hiroshima 739-8526, 
Japan.; orcid.org/ 0000-0001-6890-4397; Email: yhiroto@hi-
roshima-u.ac.jp. 

Author 
Yifeng Guo - College of Chemistry, Beijing University of Chemical 
Technology (BUCT), Beijing 100029, China 
Zhe Zhuang - College of Chemistry, Beijing University of Chemi-
cal Technology (BUCT), Beijing 100029, China.  
Xiaoying Feng - College of Chemistry, Beijing University of 
Chemical Technology (BUCT), Beijing 100029, China.  
Quanyu Ma - College of Chemistry, Beijing University of Chemi-
cal Technology (BUCT), Beijing 100029, China. 
Ningning Li - College of Chemistry, Beijing University of Chemi-
cal Technology (BUCT), Beijing 100029, China. 
Chaochao Jin - College of Chemistry, Beijing University of Chem-
ical Technology (BUCT), Beijing 100029, China. 
 
Notes 
The authors declare no competing financial interest. 

ACKNOWLEDGMENT  
This work was supported by the National Natural Science 
Foundation of China (22271010 and 21702013). We appreci-
ate the assistance from Mr. Feiyang Liao during manuscript 
preparation. This work is dedicated to Professor Hisashi Yama-
moto on the occasion of his 80th birthday.  

REFERENCES   
(1) (a) Gilchrist, T. L.; Moody, C. J. The Chemistry of Sulfilimines. 

Chem. Rev. 1977, 77, 409-435. (b) Taylor, P. C. Sulfimides (Sul-
filimines): Applications in Stereoselective Synthesis. Sulfur Rep. 
1999, 21, 241-280. 

(2) (a) Otocka, S.; Kwiatkowska, M.; Madalinska, L.; Kielbasinski, 
P. Chiral organosulfur ligands/catalysts with a stereogenic sulfur 
atom: Applications in asymmetric synthesis. Chem. Rev. 2017, 117, 
4147-4181. (b) Lücking, U.; Nguyen, D.; Von Bonin, A.; Von Ahsen, 
O.; Siemeister, G.; Jautelat, R.; Doecke, W.-D. Sulphimides as protein 
kinase inhibitors. WO2007140957A1, 2007. (c) Petkowski, J. J.; 
Bains, W.; Seager, S. Natural Products Containing a Nitrogen-Sulfur 
Bond. J. Nat. Prod. 2018, 81, 423-446. (d) Lin, S.; Yang, X.; Jia, S.; 
Weeks, A. M.; Hornsby, M.; Lee, P. S.; Nichiporuk, R. V.; Iavarone, A. 
T.; Wells, J. A.; Toste, F. D.; Chang, C. J. Redox-based reagents for 
chemoselective methionine bioconjugation. Science 2017, 355, 
597-602. (e) Christian, A. H.; Jia, S.; Cao, W.; Zhang, P.; Meza, A. T.; 
Sigman, M. S.; Chang, C. J.; Toste, F. D. A Physical Organic Approach 
to Tuning Reagents for Selective and Stable Methionine Bioconju-
gation. J. Am. Chem. Soc. 2019, 141, 12657-12662. (f) Hartmut, A.; 
Ralf, B.; Simon, D.-R.; Arnim, K.; Stefan, L.; Hansjoerg, D.; Dirk, S.; 
Elmar, G.; Hugh, R. C. Preparation of 3-sulfinimidoyl- and 3-sul-
fonimidoylbenzamides as herbicides. WO2013124228 A1, 2013. (g) 
Bai, Z.; Zhu, S.; Hu, Y.; Yang, P.; Chu, X.; He, G.; Wang, H.; Chen, G. 
Synthesis of N-acyl sulfenamides via copper catalysis and their use 
as S-sulfenylating reagents of thiols. Nat. Commun. 2022. 13. 6445. 

(3) Vanacore, R.; Ham, A.-J. L.; Voehler, M.; Sanders, C. R.; Conrads, 
T. P.; Veenstra, T. D.; Sharpless, K. B.; Dawson, P. E.; Hudson, B. G. A 
sulfilimine bond identified in collagen IV. Science 2009, 325, 1230-
1234. 

(4) (a) Lücking, U. Neglected sulfur(VI) pharmacophores in drug 
discovery: exploration of novel chemical space by the interplay of 
drug design and method development. Org. Chem. Front. 2019, 6, 
1319-1324. (b) Zhao, C.; Rajesh, K. P.; Ravidar, L.; Fang, W.-Y.; Qin, 
H.-L. Pharmaceutical and medicinal significance of sulfur (SVI)-Con-
taining motifs for drug discovery: A critical review. Eur. J. Med. 
Chem 2019, 162, 679-734. (c) Mäder, P.; Kattner, L. Sulfoximines as 
Rising Stars in Modern Drug Discovery? Current Status and Per-
spective on an Emerging Functional Group in Medicinal Chemistry. 
J. Med. Chem. 2020, 63, 14243-14275. (d) Han, Y.; Xing, K.; Zhang, 
J.; Tong, T.; Shi, Y.; Cao, H.; Yu, H.; Zhang, Y.; Liu, D.; Zhao, L. Appli-
cation of sulfoximines in medicinal chemistry from 2013 to 2020. 
Eur. J. Med. Chem. 2021, 209, 112885. (e) Bizet, V.; Hendriks, C. M.; 
Bolm, C. Sulfur imidations: access to sulfimides and sulfoximines. 
Chem. Soc. Rev. 2015, 44, 3378-3390. 

(5) (a) Kumari, S.; Carmona, A. V.; Towari, A. K.; Trippier, P. C. 
Amide Bond Bioisosteres: Strategies, Synthesis, and Successes. J. 
Med. Chem. 2020, 63, 12290-12358. (b) Liu, X.; Shi, F.; Jin, C.; Liu, 
B.; Lei, M.; Tan, J. Stereospecific synthesis of monofluoroalkenes 
and their deuterated analogues via Ag-catalyzed decarboxylation. J 
Catal. 2022, 413, 1089-1097. (c) Schiesser, S.; Cox, R. J.; Czechtizky, 
W. The powerful symbiosis between synthetic and medicinal 
chemistry. Future Med Chem. 2021, 13, 941-944. and references 
therein.   

(6) Bizet, V.; Hendriks, C. M. M.; Bolm, C. Sulfur imidations: ac-
cess to sulfimides and sulfoximines. Chem. Soc. Rev. 2015, 44, 3378-
3390. and references therein. 

(7) (a) Greenwood, N. S.; Ellman, J. A. Sulfur-Arylation of Sulfen-
amides via Ullmann-Type Coupling with (Hetero)aryl Iodides. Org 
Lett. 2023, 25, 4759-4764. (b) Tsuzuki, S.; Kano, T. Asymmetric 
Synthesis of Chiral Sulfimides through the O ‐ Alkylation of Enanti-
oenriched Sulfinamides and Addition of Carbon Nucleophiles. An-
gew. Chem. Int. Ed. 2023, 135, No. e202300637. (c) Yang, G.-F.; 
Huang, H.-S.; Nie, X.-k.; Zhang, S.-Q.; Cui, X.; Tang, Z.; Li, G.-X. One-
Pot Tandem Oxidative Bromination and Amination of Sulfenamide 
for the Synthesis of Sulfinamidines. J. Org. Chem. 2023, 88, 4581-
4591. (d) Meng, T.; Wells, L. A.; Wang, T.; Wang, J.; Zhang, S.; Wang, 
J.; Kozlowski, M. C.; Jia, T. Biomolecule-compatible dehydrogena-
tive Chan–Lam coupling of free sulfilimines. J. Am. Chem. Soc. 2022, 
144, 12476-12487. 

(8) (a) Greenwood, N. S.; Champlin, A. T.; Ellman, J. A. Catalytic 
Enantioselective Sulfur Alkylation of Sulfenamides for the Asym-
metric Synthesis of Sulfoximines. J. Am. Chem. Soc. 2022, 144, 
17808−17814. (B) Champlin, A. T.; Ellman, J. A.; Preparation of Sul-
filimines by Sulfur-Alkylation of N-Acyl Sulfenamides with Alkyl 
Halides. J. Org. Chem. 2023, 88, 7607-7614. 

(9) (a) Liang, Q.; Wells, L. A.; Han, K.; Chen, S.; Kozlowski, M. C.; 
Jia, T. Synthesis of Sulfilimines Enabled by Copper-Catalyzed S-Ar-
ylation of Sulfenamides. J. Am. Chem. Soc. 2023, 145, 6310−6318. 
(b) Greenwood, N. S.; Ellman, J. A. Sulfur-Arylation of Sulfenamides 
via Chan–Lam Coupling with Boronic Acids: Access to High Oxida-
tion State Sulfur Pharmacophores. Org Lett. 2023, 25, 2830-2834. 

(10) (a) Zhou, Q.; Li, J.; Wang, T.; Yang, X. Base-Promoted S‑Ary-
lation of Sulfenamides for the Synthesis of Sulfilimines. Org Lett. 
2023, 25, 4335-4339. (b) Wu, X.; Chen, M.; He, F.-S.; Jie, W. Synthe-
sis of Sulfilimines via Aryne and Cyclohexyne Intermediates. Org 
Lett. 2023, 25, 5157−5161. (C) Huang, G.; Lu, X.; Liang, F. Redox-
Neutral Strategy for Sulfilimines Synthesis via S-Arylation of Sul-
fenamides. Org Lett. 2023, 25, 3179-3183. (d) Chen, Y.; Fang, D.-M.; 
Huang, H.-S.; Nie, X.-K.; Zhang, S.-Q.; Cui, X.; Tang, Z.; Li, G.-X. Syn-
thesis of Sulfilimines via Selective S−C Bond Formation in Water. 
Org. Lett. 2023, 25, 2134−2138. 

(11) For selected reviews, see: (a) Shi, J.; Li, L.; Li, Y. o-Silylaryl 
Triflates: A Journey of Kobayashi Aryne Precursors. Chem. Rev. 
2021, 121, 3892–4044. (b) Chen, J.; Tan, J. In Comprehensive Aryne 

https://doi.org/10.26434/chemrxiv-2023-vc3tz ORCID: https://orcid.org/0000-0003-3825-9344 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

mailto:tanjj@mail.buct.edu.cn
https://doi.org/10.26434/chemrxiv-2023-vc3tz
https://orcid.org/0000-0003-3825-9344
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

Synthetic Chemistry; Yoshida, H., Eds.; Elsevier: Amsterdam, 2022; 
ch. 2-3, pp. 125–221. (c) Werz, D. B.; Biju, A. T. Uncovering the Ne-
glected Similarities of Arynes and Donor–Acceptor Cyclopropanes. 
Angew. Chem., Int. Ed. 2020, 59, 3385–3398. (d) Chen, J.; Fan, R.; 
Liu, Z.; Tan, J. Reactions of Organophosphorus Compounds with Ar-
ynes: Reactivity and Mechanism. Adv. Synth. Catal. 2021, 363, 657-
667. (e) Biju, A. T. In Modern Aryne Chemistry, Wiley-VCH: Wein-
heim, 2021. (f) Anthony, S. M.; Wonilowicz, L. G.; McVeigh, M. S.; 
Garg, N. K. Leveraging Fleeting Strained Intermediates to Access 
Complex Scaffolds. JACS Au 2021, 1, 897–912. (g) Pérez, D.; Peña, 
D.; Guitián, E. Aryne Cycloaddition Reactions in the Synthesis of 
Large Polycyclic Aromatic Compounds. Eur. J. Org. Chem. 2013, 
2013, 5981–6013. (h) Zhang, R.; Peng, X.; Tan, J. Recent Advances 
in Construction of C(sp2)–O Bonds via Aryne Participated Multi-
component Coupling Reactions. Synthesis 2022, 54, 5064-5076. (i) 
Yoshida, H. Multicomponent Reactions in Organic Synthesis; Zhu, J., 
Wang, Q., Wang, M.-X., Eds.; Wiley-VCH: Weinheim, 2015; pp 39-72. 
(j) Fluegel, L. L.; Hoye, T. R. Hexadehydro-Diels-Alder Reaction: 
Benzyne Generation via Cycloisomerization of Tethered Triynes. 
Chem. Rev. 2021, 121, 2413-2444. (h) Matsuzawa, T.; Yoshida, S.; 
Hosoya, T. Recent advances in reactions between arynes and or-
ganosulfur compounds. Tetrahedron Lett. 2018, 59, 4197-4208. (i) 
Yan, Q.; Fan, R.; Liu, B.; Su, S.; Wang, B.; Yao, T.; Tan, J. Recent Pro-
gress in Aryne Participated Dearomatization Reactions. Chin. J. Org. 
Chem. 2021, 41, 455-470. 

(12) For selected recent reports, please see: (a) Bürger, M.; 
Ehrhardt, N.; Barber, T.; Ball, L. T.; Namyslo, J. C.; Jones, P. G.; Werz, 
D. B. Phosphine-Catalyzed Aryne Oligomerization: Direct Access to 
α,ω-Bisfunctionalized Oligo(ortho-arylenes). J. Am. Chem. Soc. 
2021, 143, 16796-16803. (b) Fan, R.; Liu, S.; Yan, Q.; Wei, Y.; Wang, 
J.; Lan, Y.; Tan, J. Empowering boronic acids as hydroxyl synthons 
for aryne induced three-component coupling reactions. Chem. Sci. 
2023, 14, 4278-4287. (c) Picazo, E.; Anthony, S. M.; Giroud, M.; Si-
mon, A.; Miller, M. A.; Houk, K. N.; Garg, N. K. Arynes and Cyclic Al-
kynes as Synthetic Building Blocks for Stereodefined Quaternary 
Centers. J. Am. Chem. Soc. 2018, 140, 7605-7610. (d) Scherübl, M.; 
Daniliuc, C. G.; Studer, A. Arynes as Radical Acceptors: TEMPO-Me-
diated Cascades Comprising Addition, Cyclization, and Trapping. 
Angew. Chem. Int. Ed. 2021, 60, 711-715. (e) Shi, J.; Li, L.; Shan, C.; 
Chen, Z.; Dai, L.; Tan, M.; Lan, Y.; Li, Y. Benzyne 1,2,4-Trisubstitution 
and Dearomative 1,2,4-Trifunctionalization. J. Am. Chem. Soc. 2021, 
143, 10530-10536. (f) Li, L.; Shan, C.; Shi, J.; Li, W.; Lan, Y. Li, Y. The 
Stannum-Ene Reactions of Benzyne and Cyclohexyne with Superb 
Chemoselectivity for Cyclohexyne. Angew. Chem. Int. Ed. 2022, 61, 
No. e202117351. (g) Shi, J.; Li, L.; Shan, C.; Wang, J.; Chen, Z.; Gu, R.; 
He, J.; Tan, M.; Lan, Y.; Li, Y. Aryne 1,2,3,5-Tetrasubstitution Ena-
bled by 3‑Silylaryne and Allyl Sulfoxide via an Aromatic 1,3-Silyl 
Migration. J. Am. Chem. Soc. 2021, 143, 2178-2184. (h) Liu, S.; Li, Y.; 
Lan, Y. Mechanistic Study of the Fluoride-Induced Activation of a 
Kobayashi Precursor: Pseudo-SN2 Pathway via a Pentacoordinated 
Silicon Ate Complex. Eur. J. Org. Chem. 2017, 2017, 6349-6353. (i) 
Bhattacharjee, S.; Deswal, S.; Manoj, N.; Jindal, G.; Biju, A. T. Org. 
Lett., 2021, 23, 9083-9088. (j) Garve, L. K. B.; Werz, D. B. Pd-Cata-
lyzed Three-Component Coupling of Terminal Alkynes, Arynes, 
and Vinyl Cyclopropane Dicarboxylate. Org. Lett., 2015, 17, 596-
599. (k) Gaykar, R. N.; Deswal, S.; Guin, A.; Bhattacharjee, S.; Biju, A. 
T. Synthesis of Trisubstituted Oxazoles via Aryne Induced [2,3] Sig-
matropic Rearrangement−Annulation Cascade. Org. Lett. 2022, 24, 
4145−4150. (l) Yoshida, S.; Yano, T.; Misawa, Y.; Sugimura, Y.; 
Igawa, K.; Shimizu, S.; Tomooka, K.; Hosoya, T. Direct thioamination 

of arynes via reaction with sulfilimines and migratory N-arylation. 
J. Am. Chem. Soc. 2015, 137, 14071. 

(13) (a) Saputra, A.; Fan, R.; Yao, T.; Chen, J.; Tan, J. Synthesis of 
2-(Arylthio)indolenines via Chemoselective Arylation of Thio-Ox-
indoles with Arynes. Adv. Synth. Catal. 2020, 362, 2683-2688. (b) 
Tan, J., Feng, X.; Fan, R.; Zhuang, Z.; Guo, Y. When Aryne Chemistry 
Meets Organosulfur Compounds. Synlett 2023, ASAP, DOI: 
10.1055/s-0042-1751476. 

(14) (a) Pratley, C.; Fenner, S.; Murphy, J. A. Nitrogen-Centered 
Radicals in Functionalization of sp2 Systems: Generation, Reactiv-
ity, and Applications in Synthesis. Chem. Rev. 2022, 122, 8181-
8260. (b) Gaykar, R. N.; Bhattacharjee, S.; Biju, A. T. Transition-
Metal Free Thioamination of Arynes Using Sulfenamides. Org. Lett. 
2019, 21, 737-740. (c) Davis, F. A.; Johnston, R. P. Chemistry of the 
Sulfur-Nitrogen Bond. III. The Reactions of Bis(2-nitrophenyl) Di-
sulfide with Amines. J. Org. Chem. 1972, 37, 859−861.   

(15) (a) Beletskaya, I. P.; Alonso, F.; Tyurin, V. The Suzuki-
Miyaura reaction after the Nobel prize. Coord. Chem. Rev. 2019, 385, 
137-173. (b) Jin, C.; Xu, K.; Fan, X.; Liu, C.; Tan, J. Direct benzylic 
functionalization of pyridines: Palladium-catalyzed mono-α-aryla-
tion of α-(2-pyridinyl) acetates with heteroaryl halides. Chin. Chem. 
Lett. 2020, 31, 91-94. and references therein.  

(16) Medina, J. M.; Mackey, J. L.; Garg, N. K.; Houk, K. N. The Role 
of Aryne Distortions, Steric Effects, and Charges in Regioselectivi-
ties of Aryne Reactions. J. Am. Chem. Soc. 2014, 136, 15798-15805.  

(17) For selected reports, please see: (a) Liu, J.; Li, J.; Ren. B.; 
Zhang, Y.; Xue, L.; Wang, Y.; Zhao, J.; Zhang, P.; Xu, X.; Li, P. Domino 
Ring-Opening of N-Tosyl Vinylaziridines Triggered by Aryne Diels-
Alder Reaction. Adv. Synth. Catal. 2021, 363, 4734-4739. (b) Zheng, 
T.; Tan, J.; Fan, R.; Su, S.; Liu, B.; Tan, C.; Xu, K. Diverse ring opening 
of thietanes and other cyclic sulfides: an electrophilic aryne activa-
tion approach. Chem. Commun. 2018, 54, 1303-1306. (c) Yao, T.; 
Hui, Z.; Liu, T.; Li, T. Palladium-Catalyzed Three-Component Carbo-
carbonation of Arynes: Expeditious Synthesis of o-Alkylated Ary-
lacrylates and Stilbenes. J. Org. Chem. 2021, 86, 5477-5488. (d) Tan, 
J.; Liu, B.; Su, S. Aryne triggered dearomatization reaction of iso-
quinolines and quinolines with chloroform. Org. Chem. Front. 2018, 
5, 3093-3097. 

(18) (a) Kaiser, D.; Klose, I.; Oost, R.; Neuhaus, J.; Maulide, N. 
Bond-Forming and -Breaking Reactions at Sulfur(IV): Sulfoxides, 
Sulfonium Salts, Sulfur Ylides, and Sulfinate Salts. Chem. Rev. 2019, 
119, 8701-8780. (b) Yorimitsu, H. Catalytic Transformations of Sul-
fonium Salts via C-S Bond Activation. Chem. Rec. 2021, 21, 3356-
3369. (c) Fan, R.; Tan, C.; Liu, Y.-G.; Wei, Y.; Zhao, X.-W.; Liu, X.-Y.; 
Tan, J.-J.; Yoshida, H. A leap forward in sulfonium salt and sulfur 
ylide chemistry. Chin. Chem. Lett. 2021, 32, 299-312. (d) Tian, Z.-Y.; 
Ma, Y.; Zhang, C.-P. Alkylation Reactions with Alkylsulfonium Salts. 
Synthesis 2022, 54, 1478-1502. (e) Kozhushkov, S. I.; Alcarazo, M. 
Synthetic Applications of Sulfonium Salts. Eur. J. Inorg. Chem. 2020, 
2020, 2486-2500. (f) Fan, R.; Liu, B.; Zheng, T.; Xu, K.; Tan, C.; Zeng, 
T.; Su, S.; Tan, J. An aryne triggered ring-opening fluorination of cy-
clic thioethers with potassium fluoride. Chem. Commun. 2018, 54, 
7081-7084. (g) Zhang, L.; Bao, W.; Liang, Y.; Pan, W.; Li, D.; Kong, L.; 
Wang, Z.-X.; Peng, B. Morita–Baylis–Hillman-Type [3,3]-Rearrange-
ment: Switching from Z- to E-Selective α-Arylation by New Rear-
rangement Partners. Angew. Chem. Int. Ed. 2021, 60, 11414-11422. 
(h) Holst, D. E.; Wang, D. J.; Kim, M. J.; Guzei, I. A.; Wickens, Z. K. 
Aziridine synthesis by coupling amines and alkenes via an electro-
generated dication. Nature 2021, 596, 74-79. and references 
therein. 

 
 

https://doi.org/10.26434/chemrxiv-2023-vc3tz ORCID: https://orcid.org/0000-0003-3825-9344 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-vc3tz
https://orcid.org/0000-0003-3825-9344
https://creativecommons.org/licenses/by-nc-nd/4.0/

